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ANH HUONG CUA PIEU KIEN CHE TAO PEN QUA TRINH MQC MAM VA
PHAT TRIEN CUA NANO TINH THE CdSe TRONG HE PHAN UNG

OCTADECENE - AXIT OLEIC

TOM TAT

Nguyén Thi Luyén, Nguyén Xuan Ca
Truong Pai hoc Khoa hoc — PH Thai Nguyén

Céc nano tinh thé CdSe dugc nghién ciru ché tao trong hé phan Gng don gian nhit octadecene —
axit oleic, trong hé phan rng nay axit oleic la ligand duy nhat lién két voi tién chit ban ddu Cd%.
Anh huong cua cac thong s6 cong nghé nhu: nhiét d phan tng, ndng do axit oleic, thoi gian phan
tng dén dic trung hinh thai, c4u triic tinh thé, phd hap thy, phd huynh quang, phd tan xa Raman da
dugc khao sat. Trong hé phan tmg nay, ligand axit oleic dong vai trd quyét dinh hinh thanh pha
cAu tric Zinblend cua nano tinh thé CdSe. Két qua nghién ciru nay hoan toan khéac so vdi cong bd
trude do cho rang ligand axit oleic dong vai tro hinh thanh pha céu trac Wurtzite ctia nano tinh thé
CdSe. Cac két qua nghién ctru 14 co s& dé tao cam bién sinh hoc nhdm phat hién nhanh vi khuin

gdy bénh.

Tir khéa: Nano tinh thé CdSe, octadecene, axit oleic, cdu tric tinh thé, cam bién sinh hoc

MO DAU

Nano tinh thé (NC) ban dan CdSe duoc
nghién ctru rong rii nhat, huynh quang cia
NC CdSe c6 thé bao phu toan bd ving kha
kién bang su thay doi kich thudc cua chung.
Do d6, NC CdSe c6 tiém ning tmg dung to
16n trong rat nhiéu linh vuc, dic biét 1a trong
cic ung dung chiéu sang va danh diu sinh
hoc [1]. Cac chdm luong tir (QD) CdSe lan
dau tién duoc thuc hién bai Murray va cac
cong su [2], ché tao bang phwong phap hoa
uot st dung k¥ thudt bom nong tai nhiét do
300 °C, véi tién chat ban dau caa Cd** 1a hop
chat co kim Cd(CHs),. Cong nghé ché tao QD
CdSe tir hop chét co kim ban dau 1a Cd(CHs),
cho phép tao ra cac hat c6 kich thude tir 1,2
dén 11,5 nm, co do déng nhét cao, hiéu suét
luong t&r huynh quang (PL QY) dat duogc
khoang 9,6 %. Tuy nhién, Cd(CHj), 1a rat
doc, c6 gia thanh cao, khong bén tai nhiét do
phong, dé chay nd tai nhiét do cao. Vi vay,
khong thé tao ra mot s lwong 16n QD CdSe
tir hop chit co kim ban dau 1a Cd(CHs),. Dé
khéc phuc han ché trén, Peng va céc cong su
[3] dd ché tao QD CdSe bang cach sir dung
ngudn nguyén liéu ban dau cho Cd* 1a hop
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chit vo6 co CdO. QD CdSe ché tao theo
phuong phap nay nhan dugc kich thudce tir 1.5
dén 25 nm, c6 phan bd kich thudc hep, PL
QY tir 20 — 30 %. Tuy nhién, hé phan tmg ché
tao QD CdSe theo phuong phap nay duoc
thuc hién trong dung moéi lién két
trioctylphosphine oxide (TOPO), st dung cac
ligand la axit phosphonic nhu
hexylphosphonicacid (HPA),
tetradecylphosphonicacid (TDPA), tai nhiét
do phéan tng cao (300 °C) CdO phan tng véi
cac axit nay trong dung méi TOPO s€ tao
thanh cac phtc chit twong tu nhu hop chét co
kim. Gan ddy, mot xu huéng méi trong viée
ché tao cac QD CdSe di duoc thay thé dung
mdi lién két TOPO bang viéc sir dung dung
moi khong lién két octadecene (ODE). ODE
khong chi twong thich véi su tong hop cac
QD ma con cung cap sy diéu khién hoat tinh
phan tng ciia monomer boi sy thay ddi don
gian ciia ndng do ligand. Sy diéu khién hoat
tinh hoa hoc clia monomer cung cép sy can
bang can thiét giita hai qua trinh tao mam va
phat trién tinh thé, sy can bang nay 14 chia
khoa dé diéu khién kich thudc va su phan bd
kich thudc cua cac NC. Phuong phap ché tao
cac QD CdSe trong ODE dau tién duoc thuc
hién baoi Bullen va cong su [4] trong hé ODE-
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OA-TOP, trong d6 axit oleic (OA) 1a ligand
clia tién chat Cd**, trioctylphosphine (TOP) la
ligand cua tién chat Se”. Mac du ché tao céac
QD CdSe trong dung méi khong lién két ODE
¢6 nhiéu vu diém hon so véi dung méi lién két
TOPO, tuy nhién n6 van con c6 han ché do 1a
can st dung ligand TOP cho tién chét Se”, voi
TOP 1a ligand dgc hai, cé gia thanh cao.

Trong bai béao nay, chung t6i ché tao cac NC
CdSe trong hé phan tng ODE-OA, tuc la
khong str dung ligand TOP cho tién chat Se”.
Day 1a mot phuong phap ché tao NC CdSe c6
gia thanh thap, it doc hai va co chét luong
tinh thé t6t. Cac thong sb cong nghé nhu nhiét
d6 phan tng, nong d6 OA, thoi gian phan tng
anh hudng dén hinh thai, ciu tric tinh thé,
tinh chat quang va dao dong duogc khao sat.
Trong hé phan tng niy, chung t6i cho ring
ligand OA dong vai tro quyét dinh dén sy
hinh thanh pha cau trac Zincblend (ZB) cua
NC CdSe.

THUC NGHIEM

Nguyén liéu: Cadmium oxit (CdO, 99,99%),
bot selene (Se, 99,999%). Dung moi phan
mg: octadecene (ODE, 90%). Ligand gom:
axit oleic (OA, 90%) dugc mua tir hang
Aldrich. Dung moi isopropanol va toluene
ding dé 1am sach va phan tan NC duoc mua
tir Trung qudc. Moi truong phan mg 1a khi
N sach (99,999%).

Ché tao cac NC CdSe: dugc thyc hién béng
cach bom nhanh dung dich tién chat Se-ODE
vao dung dich tién chat Cd**. Cac NC CdSe
dugc khao sat theo nhiét do 1a 160, 200 °C,

240 °C, 280°C va 310 °C; [OA] 1a 0,05 M, 0,2
M va 0,4 M; thoi gian phan tmg tir 0,5 phut
dén 60 phut; cac théng s6 cong nghé khac giir
khong dbi.

Khio sat cac diic trung clia miu

Céc mau duoc lam sach bang cach ly tam
trong iso-propanol va phén tan trong toluene
dé khao sat cac dic trung quang phd clia mau.
Phd hip thu dwoc thyc hién trén may quang
phd UV-VIS 570 (Varian), phd huynh quang
dugc thyc hién trén may quang pho
LABRAM - 1B (Horriba, Jobin Yvon) st
dung budc song kich thich 488 nm cua laser
Ar. Anh TEM cua cac NC CdSe duoc chup
lai trén kinh hién vi dién tir truyén qua Joel -
JEM 1010 hoat dong tai dién thé 80 kV. Dé
khao sat cau trac tinh thé, cac miu dugc ly
tam lam sach it nhat 3 lan, sau d6 nho trén
lam kinh dang bot. Gian dd nhiéu xa tia X
nhan duoc trén may do nhiéu xa tia X
(Siemen D5005) sir dung ngudn birc xa Cu
Ko v6i budce song A = 1,5406A°.

KET QUA VA THAO LUAN

Hinh dang ciia nano tinh thé

Trén Hinh 1 14 4nh TEM cua cac NC CdSe
duoc ché tao tai cac nhiét do phan tng khac
nhau: 200 °C, 280 °C va 310 °C khi cb dinh
[OA] = 0,05 M, thoi gian phan tng 30 phut.
Két qua cho thfiy, cac NC CdSe nhan duoc
déu c6 dang hinh ciu, phan tan dong déu.
Kich thuéc cua ching khoang 5, 6 va 7 nm
twong g tai cac nhiét do phan tmg 200 °C,
280 °C va 310 °C.

]
|

280 °C va (c) 310 °C; ¢é dinh [OA] = 0,05 M, thoi gian phdn iing 30 phiit.
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Hinh 2 (a,b) tuong ung trinh bay énh TEM
ctia cac NC CdSe duge ché tao tai cac thoi
gian phan tng khac nhau: 0,5 phuat va 60 phut
khi ¢ dinh nhiét do phan ung 280 °C, [OA] =
0,05 M. Két qua cho thiy cac NC CdSe nhan
duoc co6 dang clu, phan tan déng déu, kich
thuéce khoang 3 va 6 nm tuong ung véi Hinh

cac thoi gian phan ing khac nhau: (a) 0,5 phiit; (b)
60 phut khi c6 dinh tai nhiét do phdn vmg 280 °C va
[OA] =0,05 M
Hinh 3 (a,b) tuong ung trinh bay anh TEM
ciia NC CdSe dugc ché tao voi [OA] khac
nhau 1a 0,2 M va 0,4 M khi ¢ dinh nhiét do
phan tng 280 °C, thoi gian phan tng 30 phut.
Két qua chi ra réng, cac NC CdSe nhan duoc
c6 dang hinh cau, phan tan déng déu, kich
thudc khoang 5 va 6 nm tuong ung voi Hinh

3 (a,b).

Hinh 3. Anh TEM ciia cic NC CdSe dwoc ché tao
véi [OA] khdc nhau: (a) 0,2 M va (b) 0,4 M khi c6
dinh nhiét do phan ing 280 °C, thoi gian phan vmg
30 phat

Tir cac két qua khao sat anh hudng cua nhiét
d6 phan tng, thoi gian phan tng va [OA] dén
hinh thai cia NC CdSe trong hé phan tng
ODE-OA cho théy cac NC CdSe nhan duoc
déu co dang hinh cau (chdm luong tir - QD),
duong kinh cua cac QD CdSe thay déi phu
thudc vao diéu kién cong nghé ché tao.

Khao sat cAu tric tinh thé

Trén Hinh 4 (a,b,c) twong ung trinh bay gian
dd nhilu xa tia X cta cac QD CdSe dugc ché
tao tai cac nhiét do phan tng, néng do OA va
thoi gian phan g khac nhau. Phan tich gian
d6 nhiu xa tia X cho thdy cac QD CdSe nhin
duogc thé hién hoan toan ciu tric ZB. Cau tric
ZB cua QD CdSe duoc khéng dinh béng su
Xuét hién dinh nhiéu xa tai 25,3; 42,1; 49,5;
61 va 66,7° twong tmg vai chi s Miller (111),
(220), (311), (400) va (331).

Tir két qua khao sat anh hudng cua didu kién
cong ngh¢: nhiét d§ phan ung, thoi gian phan
mg va nong do OA dén dic trung hinh dang
va cAu trac tinh thé cia NC CdSe trong hé
phan ing ODE-OA, chung t6i nhan dugc cac
NC CdSe c6 hinh dang cu va ciu tric tinh
thé ZB. Dua trén cic két qua nghién ciu
trugc day [5-9] vé anh huéng cia nhiét do
phan tng, kich thudc, vai tro cua ligand dén
cAu trac tinh thé, chung t6i cho rang trong hé
phén tmg ODE-OA, ligand OA dong vai tro
quan trong quyét dinh dén sy 6n dinh pha cdu
trac ZB ciia NC CdSe. Két qua khao sat nay
khac voi két qua nghién ctru trude day [9] cho
rang ligand OA déng vai trd 6n dinh pha cau
tric WZ.

ZB CdSe
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Hinh 4. Gian dé nhiéu xq tia X cua cac QD CdSe duoc ché tao tai: (a) nhiét do phan trng khac nhau; (b)
nong do OA khac nhau; (c) thoi gian phan wng khdc nhau.
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Khao sat tinh chit quang

Trén Hinh 5 (a,b) twong tmg 14 phd hip thu va
phé PL cuia cac QD CdSe duoc ché tao tai cac
nhiét d6 phan tng khac nhau: 160, 200, 240,
280 va 310 °C, tit ca cac mau duge ché tao
cung thoi gian phan g 30 phat, [OA] = 0,05
M. Do hap thu cia dinh hip thu exciton thir
nhit va cuong d6 phat xa exciton dugc chuin
hoa. C6 nhan xét réng, khi nhiét d§ phan ung
tang vi tri dinh hp thu exciton thir nhat va
dinh phat xa dich vé phia do, diéu d6 chung
té nhiét d6 phan tng cao, s6 mam duoc tao ra
nhiéu hon dan dén qué trinh phat trién kich
thudc hat nhanh hon.

=|(b) —160°C

1

Do hép thu (don vi chudn héa)
Cuding do PL (don vi chudn hé:

450 500 S50 600 650 700
Budc song (nm)

500 550 600 650 700 750
Budc séng (nm)

Hinh 5. (a) Pho hdp thu va (b) phé PL ciia cac
NC CdSe duoc ché tao tai cac nhiét do phan L'mg
khéc nhau: 160, 200, 240, 280 va 310 °C khi co
dinh thoi gian phan wng 30 phut, [OA] = 0,05 M.
Dé khao sat qua trinh phat trién ciia QD CdSe
theo thoi gian phan Ung, ching t6i da thuc
hién cac phép do phd hap thu va phd PL cia 3
hé mau duoc ché tao tai nhiét do phan ung
khac nhau: 160 °C, 200 °C va 300 °C. Céc

mau QD CdSe duoc léy ra tai cac thoi gian:
0,5 phat; 1 phat; 3 phat; 6 phat; 12 phat; 20
phat; 30 phuat; 40 phat; 50 phat va 60 phdt.
Két qua khao sat sy thay doi ciia phd héap thu
va phd PL theo thoi gian phan tng cta 3 hé
mau QD CdSe tai cac thoi gian phan ung
khac nhau dugc trinh bay twong Gng trén
Hinh 6 va Hinh 7. B0 hép thu va cuong do PL
dugc chuan hoa. Ning lugng cua dinh phd
hép thu exciton tht nhét (dinh 1Sz,(h)-1S(e))
dugc xem gan ding 13 nang lwong ving cam.
C6 nhan xét chung rﬁng, su dich xanh cua vi
tri dinh hép thu exciton thi nhét so véi vi tri
dinh phat xa cua tinh thé CdSe khdi (~ 710
nm) phan anh hi€u tng giam git lugng tir cua
cac hat tai. Su dich dan vi tri dinh phd hap thu
va phd PL ciia 3 hé mau QD CdSe vé phia budc
song dai theo thoi gian phdn ung la do su gidm
cua hiéu ung giam gilr lvong tir khi kich thudce
cia QD ting. So sanh sy thay doi dic trung
quang pho hap thy va PL ciia QD CdSe duoc
ché tao tai nhiét do phan tng khac nhau cé
thé thay rang, tai nhiét d6 phan ung thip
(160°C), cac dic trung phd hap thu véi thoi
gian phan tng ngin 1a khong rd rang. Dong
thoi, phd PL ciing tai nhiét d6 nay (160 °C)
cho thdy cac dic trung phat xa bé mat. Didu
d6 phan 4nh, ché tao QD CdSe trong hé ODE-
OA tai nhigt do phan ung thap, chat lugng
tinh thé dat duoc chua tt.

- QD CdSe, 160° C
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Hinh 6. Phé hdp thu ciia cac QD CdSe durge ché tao tai cdc thoi gian phan img tir 0,5 phiit dén 60 phiit véi
cdc nhiét dp phan mg khac nhau: (a) 160 °C, (b) 200 °C, (c) 280 °C.
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(a) QD CdSe, 160 °C
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Hinh 7. Phé PL ciia cic QD CdSe dwoc ché tao tai cc thoi gian phan img tir 0,5 phiit dén 60 phiit véi cdc
nhiét do phan mg khac nhau: (a) 160 °C, (b) 200 °C, (c) 280 °C.
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Hinh 8. () Si thay doi ciia diong kinh trung binh, (b) PL FWHM va (c) nong do ciia OD CdSe theo thoi gian
phan tng ciia 3 hé mau OD duwoe ché tao tai cdc nhiét do phan vmg khac nhau

Trén Hinh 8 (a,b,c) twong Ung trinh bay su
thay dbi ctia duong kinh trung binh, PL
FWHM va ndng d6 cua QD CdSe theo thoi
gian phan tmg ciia 3 hé mau QD duoc ché tao
tai cac nhi¢t 46 phan trng khac nhau. Cac gia
tri cia PL FWHM duoc xac dinh tir viéc lam
khép phd PL theo ham hdn hop Gauss —
Lorentz. C6 nhéan xét chung la tai nhitng phut
dau tién ctia phan ung (tr 0,5 phat dén 12
phut), tdc d6 phat trién kich thudc hat xay ra
nhanh hon, dong thoi PL FWHM c6 xu
huéng ting sau d6 giam thé hién su phan ki
phan bé kich thudc. Su mé rong cua phan bd
kich thudc trong phit dau tién ctia phan tng
6 thé do giai doan tao mam kéo dai hon vi su
giam nhiét d6 khi bom cac dung dich tién chat
Se-ODE. Trong giai doan tiép theo, tir 20
phat dén 60 phut kich thudc hat c6 xu hudng
phat trién cham hon va PL FWHM c6 xu
hudng thay ddi cham, thé hién sy hoi tu cta
phan b kich thude.

Mit khéc, nghién ciru vé sy phét trién kich
thuéc theo nhiét 6 cho théy rr:ing, 0 nhiét do

phan tng cao hon kich thudc cia QD CdSe
16n hon va phét trién nhanh hon (Hinh 8(a)).
Diéu nay c6 thé 1y giai rang, tai nhiét d6 phan
ung cao, su tao mam xay ra nhanh hon va $6
mam tao ra nhiéu hon. Két qua nghién ciru
nay phu hop véi két qua nghién ciru trude do
[10]. Két qua khao sat sy thay ddi PL FWHM
theo nhiét do (Hinh 8(b)) cho thiy rang tai
nhi¢t d6 phan ung cao hon diém hoi tu PL
FWHM dat gi4 tri nho nhat, sy phan ky kich
thuéc xay ra rd rang hon trong truong hop
nhiét do thap hon.

Trén Hinh 8(c) trinh bay su bién thién cua
nong d6 QD CdSe theo thoi gian phan tng
cua cac hé mau duoc ché tao tai nhiét do phan
tmg khac nhau. Két qua cho thdy nhiét do
phan ung cao hon, néng d0 hat duogc tao ra
nhiéu hon. Trong giai doan dau tién ctia phan
tmg (0,5 phat dén 6 phut), nong d6 hat giam
manbh, thé hién giai doan tao mﬁm, sau do
ndng do hat gan nhu khéng dbi trong giai
doan tiép theo.

73



Nguyén Thi Luyén va Prg

Tap chi KHOA HQC & CONG NGHE

190(14): 69 - 75

Sy giam kha nhanh cia néng d6 NC trong
giai doan dau c6 thé duoc 1y giai 1a do sy phat
trién rit nhanh cua kich thuéc hat trong
nhiing phit dau tién khong chi do co ché moc
khuéch tan ma con do boi su két tu cua cac
hat nho trong dung dich (co ché phat trién
theo mé hinh La Mer) [11].

Hinh 9 trinh bay ph6 PL phéan giai theo thoi
gian cia 3 mau QD CdSe dugc ché tao tai céac
thoi gian phan ung khac nhau: 3 phut, 20 phut
va 60 phut. Cac mau duoc ché tao tai nhiét do
280 °C, [OA] = 0,05 M. Cac duong lién nét
mau den 1a cac duong 1am khép sir dung tong
clia hai ham phan gid e mil. Dya vao két qua
lam khép trén mé hinh 2 ham e mii, chiing t6i
da tinh dugc thoi gian séng trung binh cia
QD CdSe tai thoi gian phan ung 3 phut, 20
phut va 60 phtt twong tng 1a 9,19 gidy; 9,94
giay va 11,71 giay.

10000 ¢

= =CdSe 3 phit, <t>=9.19 (s)
= =CdSe 20 phiit, <t>=9.94(s)
= =CdSe 60 phit, <t>=11.71 (s)

do PL

1000

o

0

Cuon

100 £

10 20 . 30 40 50
Thoi gian (ns)

Hinh 9. Phé PL phdn gidi thoi gian ciia 3 mdu
QD CdSe, [OA] = 0,05 M véi cdc thoi gian phan
ung: 3 phut, 20 phut va 60 phut

KET LUAN

Céac NC CdSe duoc ché tao trong hé phan ting
don gian nhat ODE-OA bang phuong phap
héa hoc st dung k¥ thudt bom ndng. Anh
huong cta diéu kién cong nghé nhu nhiét do
phan tng, nong do OA, thoi gian phan {ng
cho thiy ring trong hé phan tng nay cac NC
CdSe nhén dugc c6 dang cau, ligand OA
dong vai tro quyét dinh dén sy hinh thanh pha
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c4u triic ZB, nhiét d6 phan tng cao qua trinh
phat trién kich thudc hat xdy ra nhanh hon.
bac biét, béng cach lya chon h¢ phan ing don
gian ODE-OA cho phép ché tao dugc cac QD
CdSe c6 chét luong tinh thé tét, c6 gia thanh
thap va it doc hai. Day ciing 1a co s& nghién
ctru cho dinh hudng Gng dung tiép theo vao
ché tao cam bién sinh hoc dé phat hién nhanh
vi khuan gay bénh.

LOI CAM ON. Coéng trinh dugc thuc hién
duéi sy hd tro kinh phi cua Dé tai cip co s¢
ma s6 CS2018-TN06-01.
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ABSTRACT

EFFECT OF REACTION CONDITIONS

ON THE NUCLEATION AND GROWTH OF CdSe NANOCRYSTALS
IN OCTADECENE-OLEIC ACID REACTION SYSTEM

Nguyen Thi Luyen”, Nguyen Xuan Ca
University of Sciences - TNU

CdSe nanocrystals are synthezised in the simplest octadecene-oleic acid reaction system. In this
reaction system, oleic acid is the only ligand bound to the Cd? * precursor. The effects of
parameters such as reaction temperature, oleic acid concentration, reaction time on morphology,
crystal structure, absorption spectra, fluorescence spectra, Raman scattering spectra were
investigated. Oleic acid ligand plays a role the Zinblende structure of CdSe nanocrystals. This
result is different from previous study that the oleic acid ligand plays a role in the formation of the
Wourtzite structure of CdSe nanocrystals. The results are based on biosensors for pathogenic
bacteria detection.

Keywords: CdSe nanocrystals, octadecene, oleic acid, crystalline structure, biosensor
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